5. Great variability in apparent ileal amino acid digestibility in chickens was determined. In this 50 respect, some significant differences related to the type of meal fed were confirmed for Asp, 51
Pro, Val, Tyr and His. In general, the apparent ileal digestibility of amino acids was about 2-3 52 percentage units better in chickens fed on diets containing the animal by products than in control 53 birds. 54 Studies on the determination of the biological value of blood meal and blood by-products as 56 alternative protein sources instead of fish meal, to a great extent have been carried out with pigs, 57 especially with early-weaned animals. The main purpose of these investigations was to 58 recognise the effects of using these feed components on intestinal functions and modulation of 59 immune response (Cain et al., 1992; DeRouchey et al., 2002; Campbell et al., 2009; Moretó 60 and Pérez-Bosque, 2009 ). Supplementation of diets for piglets and pigs with spray dried porcine 61 plasma has positively influenced collagen synthesis and small intestine growth, improved the 62 activity of insulin-like growth factor, and improved the performance of animals (De Rodas et 63 al., 1995; Jiang et al., 2000; Rodriguez et al., 2007; King et al., 2008) . The number of 64 publications on the physiological effects of these feed supplements in poultry is small, and the 65 results are unclear (Orda et al., 1988; Mazurkiewicz et al., 1990; Bregendahl et al., 2005; Vasan 66 et al., 2007) . 67
The amino acid composition of blood or bone proteins (mainly collagen) is 68 characterised by the huge deficit of Met in blood cell meal -that, plus a deficit of Ile and 69 relatively high amounts of Val, Glu and Phen have been stated. The bone protein is rich in Gly, 70
Pro and Arg. So, the use of these by-products leads to an amino acids imbalance in prepared 71 feeds (Moughan et al., 1999; Pieper et al., 2002; Kerr et al., 2004; Marquez et al., 2005) . Blood 72 and particularly bone proteins are relatively resistant to enzymatic degradation (Vasan et al., 73 2007) , and both the content and availability of some amino acids for animals can be heavily 74 modified as an effect of higher temperatures during the drying process (Moughan et al., 1999; 75 Marichal et al., 2000) . 76
The porcine blood and bone by-products obtained by the modified spray drying method 77
can be treated as a potentially beneficial source of proteins, amino acids, microelements and 78 some biologically active substances for monogastric animals. 79 The purpose of the investigation was to collect more data about the variability in 80 chemical composition of both porcine blood and bone by-products and to determine their 81 usefulness in the diet of young chickens. 82
MATERIAL AND METHODS 83
Characteristics of spray dried porcine blood by-products and bone protein hydrolysate 84
Raw materials for the study were collected from the Polish feedstuffs market or obtained 85 directly from different Polish producers. In total, 48 different production batches (samples) were 86 examined. Within these, 21 samples of spray dried porcine blood plasma (SDBP), 16 blood cell 87 meals (SDBC) and 11 samples of bone protein hydrolysates (BPH) were chemically analysed 88 (Tables 1 and 2 ). According to the information obtained from manufacturers, all the animal 89 meals were produced using similar technologies. The functional properties of these feeds were 90 examined using young chickens as sensitive model animals. 91
The technology of meal production comprised the following procedures: porcine blood 92 was cooled to 3°C, mixed with trisodium citrate solution as an anticoagulant, and centrifuged to 93 separate the plasma and blood cells. The process of substrate spray drying was conducted using 94 a carrier, in order to increase the drying surface. The applied temperature was as follows: for 95 plasma, from 80-98°C at the start down to 38-45°C at final stage of drying (mean about 50°C); 96 and for blood cells about 120-130°C and 40°C, respectively. 97
The bone pulp was treated with lactic acid (as a catalyst) and alkaline solutions at a 98 temperature of 50-150°C. The next step was hydrolysis at 130-140°C and a pressure of 0.3-0.4 99 MPa. Decanting was carried out at 90°C for fat separation. The final product was dried. The 100 substantial part of this information was obtained from the meal producers; however, details of 101 specific modifications to production methods were not available. 102 103   Tables 1 & 2 For the determination of the amino acids (994.12), samples of components were 165 hydrolysed with 6M hydrochloric acid (HCl) for 24 h at 110°C, and the amino acids separated 166 according to the Moore (1963) and Moore and Stein method (1963) . For sulphur amino acids 167 determination, the feed samples were oxidised (0°C, 16 h) with formic acid and hydrogen 168 peroxide (H 2 O 2 ) (9:1/v:v) prior to HCl hydrolysis, and then were separated using an Analysator 169 AAA 400 Ingos (Prague, Czech Republic) (985.25). For tryptophan content, after alkaline 170 hydrolysis with lithium hydroxide (LiOH) (110°C, 16 h) and 4-dimethylaminobenzaldehyde 171 (DMAB), the samples were examined colorimetrically at a wave length of 590 nm according to 172 Landry and Delhaye (1992) (988.15) . On the basis of obtained results the amino acid contents in 173 feed mixtures were optimised, then subsequently analysed in the finished feeds, because the 174 correct amino acid content in feed is important for regular synthesis of organic matrix -bone 175
proteins. 176
The gross energy density in the spray dried animal meals was determined using an 177 automatic calorimeter KL-10f Precyzja Bydgoszcz (Poland). The energy value of the diets was 178 calculated on the basis of the determined nutrients, and according to the formula published in 179 European Tables of Energy Values of Feeds for Poultry, WPSA (1989).  180 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Animal meal composition 199
The amino acid contents in blood by-products and bone protein hydrolysate were characterised 200 by great variability (Table 1) . The greatest divergence between production batches was observed 201 for Cys, Met, Try and Ile. 202
The best composition, considered from the point of view of limited amino acids in the 203 diets for monogastric animals (such as Met + Cys, Lys, Try and Thr) was found in dried plasma; 204 however, blood cell meal contains more Lys, two times more Leu, and more Val, His and Phe. 205 Bone protein hydrolysate was rich in Gly, Pro and Arg, but poorer overall due to a lack of Met + 206 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y   9 The crude ash content in analysed porcine blood by-products was lower than in fish meal, and 208 the Ca, P, and Mg concentrations were many times lower. In blood cell meal, a high Fe content 209 was found (Table 2) . 210
Results of investigation on chickens 211
Inclusion of 20 or 40 g/kg of spray dried porcine blood by-products and bone protein 212 hydrolysate in feed mixtures significantly (P<0.01) modified the body weight of chickens. The 213 best results were obtained in the control treatment, and a drastic reduction of chickens' body 214 weight was noted in treatments with BPH, especially at the dose of 40 g/kg (Table 5 ). For 215 average feed intake no significant differences among treatments or experimental factors were 216 observed 217
During the first 5 d of life any weak birds were removed from each treatment. The 218 dietary treatments had no effect on health status of birds and the culling of chickens was not 219 connected with the type of diet. 220
For the selected blood parameters -haematocrit (Ht), haemoglobin (Hb) and 221 immunoglobulin G -the significantly (P<0.05) lower Hb and IgG concentrations were 222 observed in chickens fed on diets with BPH; however, these were observed in individual cases 223 only. The Ht level was similar in all treatments. The femur and tibia bones of chickens were 224 significantly shorter (P<0.01) for the hydrolysate treatments than in other chickens. However, in 225 their chemical composition -in crude ash as well as in Ca, P and Zn content -no significant 226 differences between treatments and for experimental factors were observed (Table 5 ). The 227 interaction between the type of animal meal used and the inclusion rate in the treatments was 228 significant (P<0.01) for body weight and tibia length, only. 229
The relative accretion of minerals in 22-26 d old chickens was not high, and for Ca it 230 varied between 42-56; for P 38-51; for Na 69-78; for K 75-80; for Cu 63-76; for Zn 16-36; for 231
Fe 10-23; and for from Mn 9-28%, however the differences between treatments were significant 232 (P<0.05) for Ca and Cu only. In two-factorial ANOVA, non-significant differences for type and 233 Marked and, for many amino acids, significant differences in apparent ileal digestibility 237 were found as an effect of the type of animal meal used in one-factorial ANOVA, specially for 238 Asp, Ser, Pro, Gly, Ala, Met, Tyr, His and Arg. In two-factorial analysis of variance, 239 significantly higher apparent ileal digestibility of numerous amino acids was noted in chickens 240 fed on diets containing SDBP. Incorporation of BPH into diets resulted in higher amino acid 241 digestibility than in other treatments for Pro, Gly, Ala, Met and Arg only ( Table 7) . The diets 242 with 40 g/kg of animal meal enhanced the apparent ileal digestibility of many amino acids, but 243 significant differences were observed for Ala, Cys and Met only. For numerous amino acids the 244 interaction between type and proportion of animal meals was significant (P<0.05). 245
Histological assays 246
The histological photomicrographs of jejuni of control chickens displayed structures that were 247 characteristic for a normally functioning organ (Figures 1 and 2 ). The mucosa was correctly 248 formed into villi, which in turn formed the finger-shaped prominences covered with monolayer, 249 cylindrical epithelium, containing enterocytes, goblets cells, distinctly different unicellular, 250 intraepithelial endocrine glands (cells of APUT system), and single cells with light cytoplasma. 251
In the mucosa were observed fibroblasts, fibrocytes, mastocytes and white blood cells of the 252 immune system (lymphocytes, neutrophils). The zone of subepithelial connective tissue was 253 intensively vascularised and innervated. The central part of the intestinal villus was occupied by 254 the lymphatic space. The submucosa was formed from the flaccid connective tissue with 255 abundant blood vessels and nerves. Sporadically the single lymphatic nodules were observed. 256
The muscular membrane was formed from two layers of muscles: the longitudinal and the 257 circular layer. In the space between these layers the aggregations of the neural cells creating the 258 (Gatnau et al., 306 1989; Kats et al., 1994; Coffey and Cromwell, 1995; De Rodas et al., 1995) . In the opinion of 307
Goodfredson- Kisic and Johnson (1997) Immunoglobulins that are present in animal blood by-products may contain some 310 antibodies active against some bacterial pathogens ( Rump et al., 1992; Owusu-Asiedu et al., 311 2002) , although the antibacterial action of spray dried plasma has not been confirmed. 312
In the numerous investigations carried out with weaned pigs and growing animals, a 313 beneficial response to porcine plasma as a replacement for blood meal and meat meal were 314 obtained; however, such positive effects were not observed in the authors' own studies 315 conducted on very young chickens. The use of SDBC or BPH as partial replacement for soya 316 bean meal (SBM) significantly decreased the body weight of chickens by d 28 post hatch. In 317 contrast, the use of SDBP at a rate of 40 g/kg in feed mixtures, non-significantly reduced body 318 weight and feed intake in chickens compared with control birds. These results are contrary to 319 the effects obtained in young pigs (Hansen et al., 1993; De Rodas et al., 1995) . The findings of 320 this study may be confirmed by the research by Donkoh et al. (1999) in which similar results 321 were obtained: there was no impact on feed intake, but better weight gain in broilers fed on 322 blood by-products was observed. Kerr et al. (2004) reported better results by increasing the 323 amount of SDBC in feed for pigs from 4 to 6%; in other experiments the use of 2 or 5% SDBC 324 resulted in improved performance. These authors explain such findings as due to insufficient 325 isoleucine content, caused by low concentrations of this animal meal in feed mixtures. Results 326 from this study cannot be explained in the same way, because the experimental diets were 327 variable in isoleucine content to a small extent only. In this experiment, the use of animal meals 328 had no effect on haematocrit, but had a small effect on haemoglobin content in chicken blood. 329 Similar results were presented by Donkoh et al. (1999) who added dried blood meal into broiler 330 diets. In the research of these authors, and in this study as well, the mortality of chickens was 331 also unaffected by the treatment. The IgG concentration in the blood of young chickens fed on 332 diets containing SDBC and BPH was found to be significantly lower in comparison with birds 333 fed on control or dried plasma diets. Different results, i.e. reduced immune response in pigs fed 334 on diets with dried plasma, were noted by Campbell et al. (2009) . The relatively large amounts of glycine, prolamine and alanine in bone protein may 336 suggest the possibility of a beneficial effect from these feed materials on the formation of the 337 organic matrix of bones. In the present investigation, in chickens fed on diets containing BPH 338 the decrease in body weight was accompanied by a simultaneous significant reduction in bone 339 length. Moreover, non-significant differences among treatments were found in the crude ash 340 content of bone, and the Ca, P and Zn concentrations in ash. 341
In total, improved Ca and Cu retention was observed in chickens fed on diets with 342 animal meals (significant differences were found between control and plasma treatments only). 343
Published information which analysed the relation between mineral composition of spray dried 344 blood by-products or bone protein hydrolysate, and its probable impact on bone quality, was not 345 found in the available literature. 346
Inclusion of blood by-products and bone protein into experimental feed mixtures resulted 347 in moderate variability in amino acid composition. Nevertheless, great variability and improved 348 coefficients of apparent ileal digestibility of amino acids was found compared with controls in 349 chickens receiving the animal meals. Some differences between treatments were found to be 350 significant for Asp, Pro, Val, Tyr and His. The influence of inclusion rate of blood or bone by-351 products on amino acid digestibility was significant only in individual cases. Overall, the 352 digestibility of amino acids from diets enriched with animal meals was better by 2-3 %-units 353 when compared with the control feed. 354
In poultry diets, methionine and cystine are the first, and lysine the second, limiting 355 amino acids. The blood by-products are poor in sulphur amino acids, but in comparison with 356 soya bean meal are relatively rich in lysine. Dried blood cells are poor in isoleucine (Kerr et al., 357 2004) . The concentration of this amino acid (AA) in bone protein is low. In total, the best AA 358 composition was found in the SDBP. High values for ileal digestibility coefficients of AA from 359 evaluated feed mixtures were compatible with the data estimated for meat-bone and fish meals 360
by Farrell et al. (1999) and Huang et al. (2005) . Very efficient digestibilities of lysine in acid. The use of older technologies of drying (Batterham et al., 1986) indicated lower nutritional 364 values for both bone and meat meals in pigs, and also in poultry; however, chickens were more 365 efficient in utilisation of lysine than pigs. The availability of lysine in blood meal to poultry 366 varied between 68-88 %, and for pigs between 48-88 %, of total lysine (Batterham et al., 1986) . 367
The great variability in chemical composition of analysed animal meals (Tables 1, 2 and 8, 9, 368 10) can result from non-standardised raw materials. Some differences in technological processes 369 -duration of heating, denaturation of protein, or Maillard reaction, can explain the effects of 370 some biologically active substances (Marichal et al., 2000) . 371
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